The composition of the essential oil (EO) obtained from dry leaves of Chiliadenus bocconei Brullo (Asteraceae subfam. Inulae), a Maltese endemic aromatic plant, collected in two different seasons, was evaluated in this work. The main EO components identified in the summer foliage were camphor (25.6%), borneol (27.1%) and -cadinol (13.9%). In the winter foliage -cadinol was the most represented compound (59.5%), followed by camphor (13.1). A comparison is also made between the EO composition of the two samples of C. bocconei and the EO obtained from different aerial parts of C. lopadusanus, an endemic plant of Lampedusa Island, another Mediterranean Island.
Chiliadenus bocconei Brullo (common names: Maltese Fleabane, Tulliera Salvagga) is a Maltese endemic plant member of the Asteraceae family (Compositae) and one of the around twelve described species in the genus Chiliadenus. C. bocconei is a plant typical of coastal garrigue with a preference for arid, stony places such as the sides of cliffs and valleys close to the sea. The species is very well adapted for an arid climate and grows well in small pockets or fissures on arid rocky slopes where small quantities of calcareous soil accumulate [1] . There are very few records on the traditional uses of this plant in Malta [2] . Related plants formerly classified in the Jasonia glutinosa group [C. saxatilis (Lam.) Brullo, syn. C. glutinosus (L.) Fourr.] have a wide ethnopharmacological use in several Mediterranean countries, notably Spain where tea is made from the dried plant for the following recorded uses: digestive, sedative, diuretic, as an anticatarrhal and antidiarrheal agent and with analgesic effect [3a] . C. iphionoides was studied for its EO composition and pharmacological activities useful to be incorporated in medicinal and cosmetic products [3b]. This plant exhibited considerable anti-diabetic activity, although the mechanism of action remains to be determined [3c].
The present study deals with the EO composition of summer and winter foliage from C. bocconei collected in Malta in December 2012 and August 2013. To our knowledge it is the first report about this evaluation till now. The EO yield from the steam distillation of the summer foliage was 0.3% while it was estimated to be about 0.08% in the winter foliage. The principal constituents identified are shown in Table 1 , where the main EO components present in the summer foliage were camphor (25.6%), borneol (27.1%) and -cadinol (13.9%). The winter composition showed a significant difference in the percentage of camphor (13.1%), being less than that present in summer foliage and may account for the near absence of a prominent camphoraceous smell in winter foliage. The main constituent of the winter foliage was -cadinol (59.5%, an oxygenated sesquiterpene), followed by camphor (13.1%), oplopenone (5.5%), allo-aromadendrene (3.4%) and cis-γ-cadinene (3.3 %). The presence of larger amounts of camphor and borneol in summer foliage may have an important ecological function for the showing that camphor was the main constituents in both the aerial parts of the plant, even though with different percentages (39.4% in the leaves and 24.0% in the flowers), followed by oxygenated sesquiterpenes such as torreyol and -cadinol (6.7% and 5.2% in the leaves vs. 4.5% and 15.2% in the flowers). The comparison between C. lopadusanus flowers (collected in the summer period, August 2012) and C. bocconei summer foliage revealed a similar amount of camphor, followed by a similar percentage of -cadinol, even though α-cadinol (5.9 %) is also present in C. bocconei summer foliage instead of -muurolol (5.1% in C. lopadusanus).
The presence of a substantial percentage of oxygenated sesquiterpenes has been reported in other related genera, notably in Jasonia glutinosa DC, where the amount reaches as much as 25% of the total EO composition [6] , and camphor was identified as the main constituent (42.4%). Since camphor has a well consolidated use all over the world for its antimicrobial, antifungal and allelophatic activities, together with its rubefacient, abortive, aphrodisiac, antipruritic and contraceptive properties, its presence in this endemic Maltese plant can confirm the traditional use of this plant as a repellent against flea infestation [2, 6] .
Experimental
Plant material: Leaves of C. bocconei were collected from a typical sea cliff locality in Malta (Cliffs above In-Neffiet, l/o Siggiewi) in December 2012 and in August 2013. A herbarium specimen is preserved at Argotti Herbarium (ARG 12-2012/ C. bocconei 1-3; ARG 8-2013/ C. bocconei 1-4). The plant material was dried to constant weight in a cool dark room shaded from directly sunlight for 2 h, as given in the British Pharmacopoeia [7] .
Gas chromatography-mass spectrometry:
The GC analysis of the essential oil of C. bocconei were accomplished with a HP-5890 Series II instrument equipped with HP-WAX and HP-5 capillary columns (30 m x 0.25 mm, 0.25 µm film thickness) and with the following conditions: temperature program of 60°C for 10 min, followed by an increase of 5°C/min to 220°C; injector and detector temperatures at 250°C; carrier gas nitrogen (2 mL/min); detector dual FID; split ratio 1:30; injection of standards of 0.5 μL). GC/EIMS analyses were performed with a Varian CP-3800 gaschromatograph equipped with a DB-5 capillary column (both 30 m x 0.25 mm; coating thickness 0.25 μm) and a Varian Saturn 2000 ion trap mass detector. Analytical conditions: injector and transfer line temperatures at 220 and 240°C, respectively; oven temperature was programmed from 60°C to 240°C at 3°C/min; carrier gas helium at 1 mL/min; injection of 0.2 μL (10% n-hexane solution); split ratio 1:30. Identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their Linear Retention Indices relative to a series of nhydrocarbons, and by computer matching against commercial (NIST 98 and ADAMS 95) and home-made library mass spectra built up from pure substances and components of known essential oils and MS literature data [8-11b] . Moreover, the molecular weights of all the identified substances were confirmed by GC/CIMS, using MeOH as CI ionizing gas.
Statistics:
Hierarchical cluster analysis (HCA) was used to represent the n-dimensional space and distances between samples using an agglomerative procedure [11c,d] . In the absence of information about shape of the groupings and/or statistical distribution of values, Euclidean distances, combined with unweighted pair group average linking, were also used for cluster analysis [11e].
